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(54) Thin film device and its fabrication method 

(57) The invention provides a thin film device where 
ionic crystals are epitaxiaJly grown on a Si single crystal 
substrate through a proper buffer layer, and its for fab- 
rication method. A ZnS layer 2 is first deposited on a Si 
single crystal substrate 1 . ionic crystal thin films (an n- 
GaN layer 3, a GaN layer 4, and a p-GaN layer 5) are 
deposited thereon. The ZnS thin film is an oriented film 
excellent in crystallinity and has excellent surface flat- 
ness. When ZnS can be once eprtaxially grown on the 
Si single crystal substrate, the ionic crystal thin films can 
be easily eprtaxially grown subsequently. Therefore, 
ZnS is formed to be a buffer layer, whereby even ionic 
crystals having differences in lattice constants from Si 
can be easily eprtaxially grown in an epitaxial thin film 
with few lattice defects on the Si single crystal substrate. 
The characteristics of a thin film device utilizing it can 
be enhanced. 
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Description 

[0001 ] The present invention relates to a thin film de- 
vice comprising a compound having ionic bonds (here- 
after, it is also called ionic crystals) and its fabrication 
method, more specifically, to a high intensity light emit- 
ting device utilizing an ionic crystal thin film as a func- 
tional film (semiconductor laser), a metal insulator sem- 
iconductor field effect transistor (MISFET), a high-elec- 
tron-mobility transistor (HEMT), a thin film capacitor, 
and other electronic devices and thin film devices, and 
fabrication methods. 

[0002] Many devices using a nitride thin film have 
been proposed and realized, such as a high intensity 
light emitting device using a GaN thin film, a MISFET 
using an AIN/GaN thin film, an HEMT using an AIGaN/ 
GaN thin film. In addition to these, there are materials 
having various functions in ionic crystals such as oxides, 
fluorides, and sulfides. These are combined with a Si 
semiconductor, whereby a highly functional electronic 
device can be formed using the ionic crystal thin film as 
a functional film. 

[0003] Among the electronic devices having been 
proposed so far, those described above can be en- 
hanced in the characteristics of the devices by forming 
the ionic crystal thin film to be a high-quality epitaxial 
thin film with few crystal defects. However, it is hard to 
form the epitaxial thin film of these, having been con- 
ducting various attempts. 

[0004] I n the case of a GaN system , there are reports 
of depositing it on a sapphire substrate by the Metal Or- 
ganic Chemical Vapor Deposition Method or gas source 
Molecular Beam Epitaxial Method (Oyo Buturi, vol. 68, 
p. 790 (1999)), and of depositing them on a SiC sub- 
strate by the reduced pressure Metal Organic Chemical 
Vapor Deposition Method (Applied Physics, vol. 68, p. 
798, (1999)). 

[0005] However, the sapphire substrate and the SiC 
substrate are expensive, thus preferably forming it on a 
Si substrate. In the mean time, it is hard to directly epi- 
taxially grow an ionic bond thin film on the Si substrate. 
It is considered because silicon is a covalent crystal in 
which a material having a lattice constant a few percent 
different from Si is not grown pseudomorphicly on the 
substrate to have lattice defects. The lattice defects 
cause the mobility of carriers to be dropped, or cause 
the luminous efficiency of a luminescent layer or the life- 
time of a thin film device to be deteriorated. 
[0006] As a method for forming a thin film on the Si 
single crystal substrate, there is a method of interposing 
a buffer layer. Often used is a method in which a metal 
oxide oxidized easier than Si, such as Ce0 2 , Y 2 0 3> and 
Zr0 2 , is formed to prevent amorphous Si0 2 from being 
generated. However, it is inevitable to oxidize the Si sur- 
face, and there is a problem that the film quality of a 
buffer layer formed on Si0 2 is not so excellent. In addi- 
tion, there is a problem that a buffer layer using UN or 
TaN is not excellent as well because of generating SiNx. 



[0007] The invention has been made in view of such 
conditions . The purpose is to provide a thin film device 
where ionic crystals are epitaxial ly grown on a Si single 
crystal substrate through a proper buffer layer, and its 

s fabrication method. 

[0008] To attain such the purpose, the invention is 
characterized by comprising a buffer layer comprised of 
a zinc sulfide layer deposited on a silicon single crystal 
substrate by epitaxial growth, and a compound thin film 

io having ionic bonds deposited on the zinc sulfide layer 
by epitaxial growth. 

[0009] Additionally, the invention is characterized by 
comprising a buffer layer comprised of a zinc sulfide lay- 
er deposited on a silicon single crystal substrate by epi- 
15 taxial growth, and two kinds or more of compound thin 
films having ionic bonds deposited on the zinc sulfide 
layer by epitaxial growth. 

[001 0] Furthermore, the invention is characterized by 
comprising a buffer layer comprised of a zinc sulfide lay- 
20 er and a zinc oxide layer deposited on a silicon single 
crystal substrate by epitaxial growth, and a compound 
thin film having ionic bonds deposited on the buffer layer 
by epitaxial growth. 

[001 1 ] The invention is effective i n the case where an 
25 ionic crystal thin film has a lattice constant closer to that 
of zinc oxide than that of zinc sulfide, in the case where 
it is an oxide, or in the case where it has hexagonal crys- 
tal symmetry. 

[0012] Moreover, the invention is characterized in that 
30 the compound thin film is a thin film formed by laminating 
two kinds or more of compound thin films having ionic 
bonds. 

[0013] Besides, the invention is characterized by 
comprising a buffer layer comprised of a zinc sulfide lay- 
35 er and a strontium tftanate layer deposited on a silicon 
single crystal substrate by epitaxial growth, and a com- 
pound thin film having ionic bonds deposited on the buff- 
er layer by epitaxial growth. 

[0014] The invention is effective in the case where an 
40 jonic crystal thin film has a lattice constant closer to that 
of strontium titanate than that of zinc sulfide, in the case 
where it is an oxide, or in the case where it has cubic 
crystal symmetry. 

[0015] Additionally, the invention is characterized' in 
45 that the compound thin film is a thin film formed by lam- 
inating two kinds or more of compound thin films having 
ionic bonds. 

[001 6] Furthermore, the invention is characterized by 
comprising a buffer layer comprised of a zinc sulfide lay- 

50 er and a platinum group layer sequentially deposited on 
a silicon single crystal substrate by epitaxial growth, and 
a compound thin film having ionic bonds deposited on 
the buffer layer by epitaxial growth. 
[0017] Moreover, the invention is characterized by 

55 comprising a buffer layer comprised of a zinc sulfide lay- 
er, a zinc oxide layer, and a platinum group layer se- 
quentially deposited on a silicon single crystal substrate 
by epitaxial growth, and a compound thin film having 
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ionic bonds deposited on the buffer layer by epitaxial 
growth. 

[0018] Besides, the invention is characterized in that 
a metal of platinum groups is any one of rhodium, irid- 
ium, palladium, and platinum or an alloy of these, de- 
positing a single layer film thereof or a plurality of layers 
of thin films. 

[0019] These inventions are effective in the case 
where an ionic crystal thin film tends to generate reac- 
tants with a zinc sulfide layer and it is hard to be epitax- 
ially grown because reactants are generated in a stage 
of thin film growth in the interface between the zinc 
sulfide layer and the ionic crystal layer. 
[0020] Additionally, the invention is characterized in 
that the compound thin film is a thin film formed by lam- 
inating two kinds or more of compound thin films having 
ionic bonds . 

[0021] Furthermore, the invention is characterized in 
that a metal nitride thin film is used as the compound 
thin film. 

[0022] M oreove r, the invention is characterized in that 
a metal oxide thin film is used as the compound thin film. 
[0023] Besides, the invention is characterized in that 
a metal sulfide thin film is used as the compound thin 
film. 

[0024] Additionally, the invention is characterized in 
that zinc sulfide in a molecular state is fed onto a silicon 
single crystal substrate under a reduced pressure, 
whereby zinc sulfide is epitaxially grown on the sub- 
strate, and a compound thin film having ionic bonds is 
epitaxially grown thereon. 

[0025] Furthermore, the invention is characterized in 
that zinc sulfide in a molecular state is fed onto a silicon 
single crystal substrate under a reduced pressure, 
whereby zinc sulfide is epitaxially grown on the sub- 
strate, and two kinds or more of compound thin films 
having ionic bonds are sequentially epitaxially grown 
thereon. 

[0026] Besides, the invention is characterized in that 
zinc sulfide is epitaxially grown on a silicon single crystal 
substrate, zinc oxide is epitaxially grown thereon, and a 
compound thin film having ionic bonds is further epitax- 
ially grown thereon. 

[0027] Additionally, the invention is characterized in 
that zinc sulfide is epitaxially grown on a silicon single 
crystal substrate, strontium titanate is epitaxially grown 
thereon, and a compound thin film having ionic bonds 
is further epitaxially grown thereon. 
[0028] Furthermore, the invention is characterized in 
that zinc sulfide is epitaxially grown on a silicon single 
crystal substrate, a platinum group is epitaxially grown 
thereon, and a compound thin film having ionic bonds 
is further epitaxially grown thereon. 
[0029] Moreover, the invention is characterized in that 
zinc sulfide in a molecular state is fed onto a silicon sin- 
gle crystal substrate under a reduced pressure, where- 
by zinc sulfide is epitaxially grown on the substrate. 
[0030] Besides, the invention is characterized in that 



a metal nitride thin film is used as the compound thin 
film. 

[0031] Additionally, the invention is characterized in 
that a metal oxide thin film is used as the compound thin 
5 film. 

[0032] Furthermore, the invention is characterized in 
that a metal sulfide thin film is used as the compound 
thin film. 

[0033] As described above, according to the inven- 
tion, the ZnS buffer layer deposited on the Si substrate 
by epitaxial growth or the buffer layer having the ZnO/ 
ZnS, STO/ZnS, and Pt/ZnS structures is interposed, 
whereby the thin film device where the ionic crystals are 
epitaxially grown on the Si substrate is easily deposited, 
expecting improvements in characteristics. Particularly, 
when GaN is formed as the ionic crystal, a thin film de- 
vice using GaN can be fabricated at lower costs than 
traditional fabrication methods. 
[0034] In addition, the buffer layer of the ZnO/ZnS, 
STO/ZnS, and Pt/ZnS structures is used, instead of us- 
ing the single ZnS buffer layer, whereby evaporation of 
Zn, S or ZnS from the surface of the ZnS layer can be 
suppressed, thus serving to prevent the impurity con- 
tamination of these in the subsequent deposition of ionic 
crystals and also prevent contamination over a thin film 
fabricating apparatus. 

[0035] The above and other objects, effects, features 
and advantages of the present invention will become 
more apparent from the following description of embod- 
iments thereof taken in conjunction with the accompa- 
nying drawings. 

[0036] The teachings of the invention can be readily 
understood by considering the following detailed de- 
scription in conjunction with the accompanying draw- 
ings, in which: 

Fig. 1 shows a diagram illustrating a configuration 
of a GaN light emitting diode formed according to 
the invention; 

Fig. 2 shows a diagram illustrating a sectional struc- 
ture of a ZnS thin film by transmission electron mi- 
croscopic observation; 

Figs. 3A and 3B show diagrams illustrating the 
measurement results of a ZnS buffer layer in X-Ray 
Diffraction (XRD), Fig. 3A shows the measurement 
results of 20-<d scans, and Fig. 3B shows a diagram 
illustrating the measurement results of Phi (<£>) 
scans of W-ZnS (105); 

Fig. 4 shows a diagram illustrating an image of a 
ZnS/Si (111) thin film by atomic force microscopy 
(AFM); 

Fig. 5 shows a conceptual diagram illustrating high- 
er order epitaxy; 

Fig. 6 shows a diagram illustrating the emission 
spectrum of a GaN light emitting diode fabricated in 
the invention; 

Fig. 7 shows a diagram illustrating a sectional im- 
age of a ZnO/ZnS/Si thin film by scanning electron 
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microscopy, the thin film was obtained by additional 
experiments; 

Fig. 8 shows a diagram illustrating a sectional im- 
age of the ZnO/ZnS/Si thin film by transmission 
electron microscopy, the thin film was obtained ac- 
cording to the invention; 

Fig. 9 shows a diagram illustrating an image of the 
surface appearance of the ZnO/ZnS/Si thin film by 
atomic force microscopy, the thin film was obtained 
according to the invention; 
Fig. 10 shows a diagram illustrating a configuration 
of a thin film capacitor device fabricated according 
to the invention; 

Fig. 11 shows diagrams illustrating the measure- 
ment results of XRD 2G-o> scans of a ZnO/ZnS buff- 
er layer deposited according to the invention, and 
the rocking curve of a ZnO (0002) peak; 
Fig. 12 shows diagrams illustrating the measure- 
ment results of XRD Phi (<W scans of a ZnO/ZnS/Si 
(111) thin film deposited according to the invention; 
Fig. 13 shows a diagram illustrating the measure- 
ment results of the hysteresis curve of a capacitor 
at ±5V, which was fabricated according to the inven- 
tion; 

Fig. 14 shows a diagram illustrating a configuration 
of a thin film capacitor device fabricated according 
to the invention; 

Fig. 15 shows diagrams illustrating the measure- 
ment results of XRD Phi ($) scans of a STO/ZnS 
buffer layer deposited according to the invention; 
Figs. 16A and 16B show diagrams illustrating sec- 
tional images of a STO/ZnS/Si thin film by transmis- 
sion electron microscopy, FIG. 1 6A shows a ZnS/Si 
interface, and FIG. 16B shows a STO/ZnS inter- 
face; 

Fig. 1 7 shows a diagram illustrating an image of the 
surface appearance of a STO/ZnS/Si (111) thin film 
by atomic force microscopy, the thin film was de- 
posited according to the invention; 
Fig. 1 8 shows a diagram illustrating a configuration 
of a BSTO/Pt/ZnS capacitor device fabricated ac- 
cording to the invention; 

Fig. 19 shows a diagram illustrating the measure- 
ment results of XRD Phi ($) scans of a Pt/ZnS buffer 
layer deposited according to the invention; and 
Fig. 20 shows a diagram illustrating the XRD-in- 
plane measurement results of a BSTO/Pt/ZnS/Si 
thin film deposited according to the invention. 

[0037] Hereafter, embodiments of the invention will be 
described with reference to the drawings. 

[Embodiment 1] 

[0038] Fig. 1 shows a diagram illustrating a configu- 
ration of a GaN light emitting diode device formed ac- 
cording to the invention. In the drawing, 1 denotes a Si 
(111 ) single crystal substrate, 2 denotes a W-ZnS layer 



(20nm; W indicates zinc sulfide of the wurtzite structure) 
deposited on the single crystal substrate 1 , 3 denotes 
an n-GaN layer 3 (1 00 nm) deposited on the W-ZnS lay- 
er 2, 4 denotes a GaN layer (1 00 nm) deposited on the 
5 n-GaN layer, which functions as a luminescent layer, 5 
denotes a p-GaN layer (1 00 nm) deposited on the GaN 
layer 4, 6 denotes an upper electrode formed on the p- 
GaN layer 5, and 7 denotes a lower electrode formed 
on the n-GaN layer 3. 
10 [0039] The Si (111) single crystal substrate was re- 
moved of a natural oxide film with Hydrogen Fluoride, 
cleaned with water, and then placed in a deposition 
chamber for vacuuming for about ten minutes. ZnS was 
deposited about 20 nm in thickness at a substrate tern- 
's perature of 750°C by Pulsed Laser Deposition (PLD). 
To form 1 00 nm in thickness of the n-type GaN layer 3, 
Si was doped. In the middle, the GaN layer doped no 
carriers was formed 1 00 nm in thickness. To form the p- 
type GaN layer 5, Mg was doped. 
20 [0040] In the invention, ZnS having a lattice constant 
very close to that of Si is used for a buffer layer. More 
specifically, the ZnS layer 2 was first epitaxially grown 
on the Si single crystal substrate, and the object layered 
thin film of ionic crystals (the n-GaN layer 3, the GaN 
25 layer 4, and the p-GaN layer 5) was deposited thereon 
to form an electronic device. 

[0041] The ZnS layer 2 has the hexagonal wurtzite 
structure and an a-axis of 3.820 angstroms. It is smaller 
merely 0.5 percent than the a-axis length of 3.840 ang- 

30 stroms when the Si (111) single crystal substrate 1 is 
considered to be hexagonal, it is matched with the crys- 
tal system, and it has excellent matching. The Gibbs en- 
ergy of silicon sulfide SiS2 (AG = -206.5 kJ/mol) has an 
absolute value slightly greater than the Gibbs energy of 

35 zinc sulfide ZnS (AG = - 1 88. 28 kJ/mol in wurtzite). How- 
ever, in non-equilibrium deposition using PLD, deposi- 
tion experiments revealed that c-axis-oriented ZnS is 
epitaxially grown without generating SiSg in the Si inter- 
face. This ZnS thin film is an oriented film excellent in 

40 crystal linity and also has excellent surface flatness. 
[0042] Fig. 2 shows a diagram illustrating a sectional 
structure of the ZnS thin film by transmission electron 
microscopic observation, which is a diagram illustrating 
a sectional image of the ZnS/Si (1 1 1 ) thin film by trans- 

45 mission electron microscopy, the thin film was deposited 
in the invention. ZnS crystals are matched and grown to 
the Si substrate. An amorphous portion in the interface 
is seen about three to five nm, but ZnS is clearly epitax- 
ially grown. Thus, the amorphous portion is considered 

50 to have been deposited in the growing process of the 
ZnS thin film, and the SiS2 layer is considered to be 
hardly deposited in the initial stage of the ZnS growth. 
[0043] Figs. 3A and 3B show diagrams illustrating the 
measurement results of the ZnS buffer layer in X-Ray 

55 Diffraction. Fig. 3A shows the measurement results of 
26-<o scans. Fig. 3B shows a diagram illustrating the 
measurement results of Phi (<|>) scans of W-ZnS (105), 
indicating that ZnS of the hexagonal wurtzite structure 
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is epitaxially grown on the Si (111) single crystal sub- 
strate 1 . A hatf value width of the rocking curve in the 
(004) peak of the W-ZnS layer is 0.28 deg., having ex- 
cellent crystallinity. 

[0044] Fig. 4 shows a diagram illustrating an image of 
the ZnS/Si (111) thin film by atomic force microscopy 
(AFM). The surface flatness is a few nm in the root 
means square (RMS), being significantly flat. The inven- 
tion is characterized in that a significantly flat ZnS buffer 
layer is actually deposited with high crystallinity. 
[0045] In addition, once ZnS can be epitaxially grown 
on the Si single crystal substrate, the ionic crystal thin 
film can be easily epitaxially grown subsequently. 
[0046] For example, in the case of GaN , GaN is a hex- 
agon having the a-axis of 3.1 60 angstroms about 1 8 per- 
cent as small as Si, and is hard to be epitaxially grown 
on Si. However, it can be epitaxially grown on ZnS hav- 
ing about 17 percent of lattice mismatch. A degree of 
polarity (an index indicating ionic bonds) in ZnS is as 
large as 0.75, and a degree of polarity in GaN is also as 
large as 0.6. The interface between those having high 
polarity can be lattice-matched in a long period structure 
for easy epitaxial junction. The phenomenon is called 
domain matching or higher order epitaxy (see, Oxide 
Electronics Report II, Japan Electronics and Information 
technology Industries Association, PP. 135 to 141 
(1 997)). Si is 1 00 percent covalent bonding (the degree 
of polarity is zero percent), and thus higher order epitaxy 
is hard to occur. 

[0047] Fig. 5 shows a diagram illustrating a concep- 
tual diagram of higher order epitaxy, indicating a com- 
bination that a lattice constant is 3:2. 
[0048] Therefore, ZnS is formed to be a buffer layer, 
and thus even ionic crystals having differences in a lat- 
tice constant from Si can be easily deposited in an epi- 
taxial thin film with few lattice defects on the Si single 
crystal substrate. The characteristics of thin film devices 
utilizing it can be enhanced. 

[0049] Fig. 3A shows peaks of Si (222) and W-ZnS 
(004) in which the lattice constants of both of them are 
almost equal, and thus overlapped peaks are obtained. 
Both of them have Ka1 and Kcc2 peaks , respectively, 
thus decomposing into four peaks in total. ZnS is not 
observed in the other orientations; it is found to be c- 
axis oriented. Fig. 3B shows diffraction lines in sym- 
metries for six times, thus revealing that it is epitaxially 
grown in the same orientation as Si (220) in plan. Fig. 6 
shows the emission spectrum of the GaN light emitting 
diode device fabricated. Ultraviolet emission was con- 
firmed. As known, In is doped to emit blue light. There- 
fore, it is also possiblethat GaN is doped with In to obtain 
blue light emission in the invention. 
[0050] Additionally, in the embodiment described 
above, the high intensity light emitting device utilizing 
the ionic crystal thin film as the functional film has been 
described. However, it can also be adapted to metal in- 
sulator semiconductor field effect transistors (MISFET), 
high electron mobility transistors (HEMT), thin film ca- 



pacitors, various sensors, optical switching thin film de- 
vices, ferroelectric random access memories (FRAM), 
magnetic random access memories (MRAM), super- 
conducting devices, and the other electronic devices 

5 and thin film devices. 

[0051] So far, it has been proposed to utilize ZnS as 
a buffer. For example, there are Japanese Patent Appli- 
cation Laid-open Nos. 3-160735 (1991), 3-160736 
(1991), and 3-187189 (1991). However, these publica- 

10 tjons have no data clearly showing crystallinity or film 
quality of ZnS. 

[0052] Traditionally, the ZnS thin film has been depos- 
ited mainly by molecular beam epitaxy, metal organic 
chemical vapor deposition, vacuum deposition, and 

15 sputtering. It has been difficult to deposit the ZnS thin 
film with excellent crystallinity, because sulfur has a high 
vapor pressure and thus only a thin film with no sulfur is 
obtained unless at relatively low substrate tempera- 
tures. Therefore, temperatures for thin film deposition 

20 have been ranged from 200 to 400°C. However, constit- 
uent atoms could not generate sufficient migration at low 
substrate temperatures to deteriorate the crystallinity of 
ZnS. 

[0053] The i nvention is characterized by a method for 
25 fabricating the ZnS thin film. The vapor pressure of ZnS 
molecules is relatively lower than that of sulfur or zinc 
atoms, about a few mTorrs even at a temperature of 
800°C. Then, ZnS in a molecular state was fed onto a 
substrate at high substrate temperatures of about 600 
30 to 800° C. More specifically, Pulsed laser Deposition 
(PLD) was used. Exctmer laser used in PLD is a light 
having short wavelength; it is 248 nm in KrF, having high 
energy of about two eV. Light of short wavelength and 
high density is irradiated onto a ZnS sintered compact 
35 (target) in pulse, whereby various particles having high 
energy such as sulfur atoms, zinc atoms, and ZnS mol- 
ecules are evaporated from the ZnS target surface and 
reach the substrate surface. The ZnS molecules among 
the particles reached cause migration on the substrate 
40 surface by high kinetic energy and thermal energy due 
to high substrate temperatures, and ZnS is crystallized 
at proper lattice positions. Extra sulfur atoms or zinc at- 
oms are again evaporated from the substrate because 
of high vapor pressure, and the ZnS thin film in a single 
45 crystal is deposited as the stoichiometric mixture ratio. 
[0054] In the invention, high-quality ZnS could be de- 
posited successfully, as described above. It is possible 
to deposit the high-quality ZnS thin film when ZnS in a 
molecular state can be fed onto the substrate, not limit- 
50 jng to PLD. For example, atomic sulfur and zinc are fed 
onto the substrate in traditional molecular beam .epitaxy, 
vapor deposition, and sputtering, or an organic com- 
pound containing zinc and hydrogen sulfide are fed onto 
the substrate in metal organic chemical vapor deposi- 
ts tion. 

[0055] Then, it is considered that the high-quality ZnS 
thin film can be deposited by these methods when ZnS 
molecules can be efficiently generated and fed onto the 



5 



9 



EP 1 271 626 A2 



10 



substrate by irradiating light or ion beams onto the sub- 
strate surface. Even on the high-quality ZnS buffer layer 
thus deposited, ionic crystals can be epitaxially grown 
subsequently, a high-quality ionic crystal thin film can 
be obtained, and devices utilizing it can be enhanced in 
characteristics. Thus, the invention is considered to 
have inventive steps. / 
[0056] The advantage to utilize ZnS as a buffer layer 
for the Si substrate is that the crystal structure of ZnS 
takes two forms, the hexagonal wurtzite structure 
(W-ZnS) and the cubic zinc blende structure (ZB-ZnS; 
ZB indicates the Zinc Blende structure). It is possible to 
separately form ZnS of the wurtzite structure on a Si 
(111) substrate and ZnS of the zinc blend structure on 
a Si (1 00) substrate. Therefore, the Si (1 1 1 ) substrate is 
used when ionic crystals having hexagonal symmetry 
are formed, the Si (100) substrate is used when ionic 
crystals having cubic symmetry are formed, and then 
the ZnS buffer layer is formed. Thus, each of ionic crys- 
tals can be formed thereon easily. Additionally, in Si de- 
vices, a schottky-barrier diode uses the Si (111) sub- 
strate and an integrated circuit uses the Si (100) sub- 
strate in general. ZnS can make an excellent buffer layer 
for both substrates in fabricating a complex device of a 
Si device and a functional thin film. 
[0057] Using the zinc sulfide layer deposited on the 
silicon single crystal substrate by epitaxial growth and 
the zinc oxide layer epitaxially grown on the zinc sulfide 
layer (these are combined and called a ZnO/ZnS buffer 
layer) as a substrate is effective for growing ionic crys- 
tals, which is an excellent scheme to obtain the high- 
quality ionic crystal thin film. The method for fabricating 
the ZnO/ZnS buffer layer proposed in the invention is a 
method for providing an excellent ZnO/ZnS buffer layer 
having not existed before. The method allows ionic crys- 
tals to be epitaxially grown thereon with excellent crys- 
tallinity, which is a scheme to provide a thin film device 
improved in characteristics. The invention is effective for 
the case where an ionic crystal thin film has a lattice 
constant closer to that of zinc oxide than that of zinc 
sulfide, or the case where it is an oxide. Furthermore, in 
the case where it has hexagonal crystal symmetry, it be- 
comes a particularly effective scheme by using the top 
of the Si (111) substrate. 

[0058] ZnO also has the same crystal structure as 
ZnS, but the lattice constant of the a-axis is smaller by 
15 percent. The large lattice mismatch might cause 
crystallinity in the interface to be unstable in depositing 
ZnO. Additionally, the Gibbs energy of ZnO (AG = 
-31 8.32 U/mol) has an absolute value greater than that 
of ZnS (AG =-1 88.28 kJ/mol when it is wurtzite). There- 
fore, the ZnS buffer layer surface is oxidized in an oxi- 
dized atmosphere, and the crystallinity of the ZnS buffer 
layer might be impaired. 

[0059] As for a method for avoiding this, a method is 
proposed that oxygen is not introduced into a deposition 
chamber in the initial stage in depositing a metal oxide 
thin film, a metal oxide layer is deposited in a layer of a 



few atoms or more, and then oxygen is introduced. 
When the metal oxide thin film is ZnO, a ZnO/ZnS/Si 
thin film can be formed. 

[0060] An attempt to epitaxially grow the ZnO thin film 
5 on the ZnS thin film has already been disclosed in two 
papers by A. Miyake et al. at Shizuoka University. The 
summary of their methods for fabricating the ZnO/ZnS 
thin film will be described. 

[0061 ] A first paper is published in Journal of crystal 
10 Growth, 214/215 (2000). First, a Si (111) substrate is 
cleaned with acid, a ZnS thin film is deposited about 50 
nm in thickness at a substrate temperature of 200°C by 
vacuum vapor deposition, and a ZnO thin film is depos- 
ited at a substrate temperature of 400 to 600°C by vac- 
15 uum deposition. After deposition, annealing is conduct- 
ed in an atmosphere at a temperature of 800 to 1 000° C 
for one hour to enhance the crystallinity of the ZnO thin 
film. It was reported that the crystallinity of the sample 
annealed in the atmosphere at a temperature of 1 000°C 
20 has a half value width of 0.276 deg. in the rocking curve 
of the XRD (0002) peak of ZnO. 
[0062] A second paper is published in Japanese Jour- 
nal of Applied Physics vol. 39 (2000). First, a Si (111) 
substrate is cleaned with acid, a ZnS thin film is depos- 
es ited at a substrate temperature of 200°C by electron 
beam deposition, and it is annealed in the atmosphere 
at a temperature of 800°C for 15 hours, whereby the 
ZnS surface is oxidized to obtain a ZnO/ZnS/Si thin film. 
It is reported thatthe half value width of the rocking curve 
30 of the XRD (0002) peak in the ZnO thin film is 0.255 
deg. , depositing the ZnO thin film having excellent crys- 
tal bonds . In both methods, the essential conditions are: 
1) depositing ZnS at a substrate temperature of 200° C 
by vapor deposition, and 2) annealing in the atmosphere 
35 at a temperature of 800°C or above. 

[0063] Then, one of the applicants conducted addi- 
tional experiments. The result revealed that a ZnS/Si 
thin film is deposited by Pulsed Laser Deposition de- 
scribed above and a ZnO/ZnS/Si thin film annealed in 
40 the atmosphere at a temperature of 900°C for two hours, 
which has a bad flatness; there are many holes inside 
the ZnS thin film by scanning electron microscopic ob- 
servation. 

[0064] Fig. 7 shows a diagram illustrating a sectional 
45 image of the ZnO/ZnS/Si thin film by scanning electron 
microscopy; the thin film was obtained by the additional 
experiments. Accordingly, this deposition method can- 
not obtain the ZnO/ZnS/Si thin film with excellent crys- 
tallinity and flatness. 
so [0065] Fig. 8 shows a diagram illustrating a sectional 
image of the ZnO/ZnS/Si thin film by transmission elec- 
tron microscopy, which thin film was obtained according 
to the invention, and shows the sectional image of the 
ZnO/ZnS/Si thin film by transmission electron microsco- 
55 py, the thin film was deposited by the method in which 
oxygen is not introduced into a deposition chamber at 
the initial stage in depositing the ZnO thin film proposed 
in the invention, and oxygen is introduced after a ZnO 
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layer of a few atom layers or mo re is deposited. It reveals 
that the ZnO thin film has been deposited with high crys- 
tallinity. 

[0066] Fig. 9 shows a diagram illustrating an image of 
the surface appearance of the ZnO/ZnS/Si thin film by 
atomic force microscopic observation; the thin film was 
obtained according to the invention. It is revealed that 
the root means square (RMS) is 1 0 nm or under and the 
ZnO/ZnS/Si thin film with excellent flatness is obtained. 
[0067] The papers of Shizuoka University describe 
that ZnS makes the buffer for ZnO because the struc- 
tures are resembled. They do not take into account of 
the height of ionic bonds. Thus, the idea cannot be led 
from the papers at once in which ZnS having high ionic 
bonds is formed into a buffer, whereby ionic crystals are 
domain-matched to allow easy epitaxial ly growth. Addi- 
tionally, the papers do not point that the ZnO/ZnS/Si 
structure itself is appropriate as the buffer for the ionic 
crystal thin film, which is a novel structure having not 
been reported before. 

[0068] Observing the sectional image by transmission 
electron microscopy shown in Fig. 8 revealed the reason 
why the ZnO/ZnS buffer layer obtained according to the 
invention has excellent film quality. When ZnO is depos- 
ited on ZnS, the surface of ZnS is partially oxidized, and 
it becomes a minute crystal nucleus to grow ZnO, in ad- 
dition to easy epitaxial growth because of domain 
matching. It is considered to further enhance the crys- 
tallinity of the ZnO layer. 

[Embodiment 2] 

[0069] Fig. 1 0 shows a diagram illustrating a configu- 
ration of a thin film capacitor device fabricated according 
to the invention. In the drawing, 11 denotes an n-type Si 
(111) substrate, 12 denotes an Al doped W-ZnS layer 
(15 nm) deposited on the Si (111) substrate 11, 13 de- 
notes an Al doped W-ZnO layer (400 nm) deposited on 
the Al doped W-ZnS layer 12,14 denotes a SrTi0 3 layer 
(190 nm) deposited on the Al doped W-ZnO layer 13, 
and 15 denotes an upper electrode (200 nm) formed on 
the Sr710 3 layer 14. 

[0070] More specifically, the n-type Si (1 1 1 ) substrate 

11 was used to deposit the wurtzite structural ZnS layer 

12 of 15 nm in thickness, and the ZnO layer 13 was de- 
posited 400 nm in thickness thereon. Subsequently, the 
SrTiO a dielectric layer 1 4 was deposited, and the Pt up- 
per electrode 15 was formed. A lower electrode is to be 
the Si substrate 11. 

[0071] When ionic crystals such as Sr7i0 3 or the other 
perovskite oxides having a lattice constant close to that 
of platinum groups are epitaxially grown, a platinum 
group such as Pt is inserted for the under layer to allow 
thecrystallinity of the ionic crystals to be enhanced. Also 
in the embodiment 2, the Pt layer is inserted under the 
STO layer 10 nm in thickness, whereby the crystallinity 
of STO can be enhanced. The platinum groups have a 
lattice constant closer to that of STO than that of ZnO. 



Additionally, the platinum groups have the face centered 
cubic structure, utilizing the properties that the platinum 
groups are oriented in the (100) orientation, the (111) 
orientation or the other orientations by the crystal sym- 

5 metry of the under layer. 

[0072] The thin film capacitor device having such the 
structure is fabricated as follows. First, the n-type Si 
(111) single crystal substrate with low resistance was 
removed of a natural oxide film with Hydrogen. Fluoride, 

10 cleaned with water, and then placed in a deposition 
chamber for vacuuming for about ten minutes. ZnS 
doped with one percent of Al was deposited about 15 
nm in thickness at a substrate temperature of 750°C by 
pulsed laser deposition. Then, ZnO doped with one per- 

15 cent of Al was deposited about 400 nm in thickness by 
pulsed laser deposition. At the initial stage of ZnO dep- 
osition, oxygen was not introduced, and deposition was 
conducted in vacuum. After ZnO was deposited a few 
nm in thickness, 5 x 1 0r 4 Tons of oxygen was introduced. 

20 Subsequently, SrT10 3 was deposited about 190 nm in 
thickness by pulsed laser deposition. Lastly, the upper 
electrode of Pt having an area of 0.5 mm in diameter 
was formed about 200 nm in thickness by sputtering. 
Both ZnS and ZnO were doped with Al to have conduc- 
es tivity, and thus a capacitor having the Si substrate itself 
formed into the lower electrode was formed. 
[0073] Fig. 11 shows diagrams illustrating the meas- 
urement results of XRD 2G-o> scans of the ZnO/ZnS buff- 
er layer deposited according to the invention and the 

30 rocking curve of the ZnO (0002) peak. The (222) and 
(444) peaks of the Si substrate and the (0002) and 
(0004) peaks of the ZnO thin film are seen. The peaks 
of the ZnS thin film are overlaid on the peaks of the Si 
substrate and thus are not seen. A drawing inserted in 

35 the drawing shows the rocking curve of the ZnO (0002) 
peak. The half value width is 0.25 deg., very narrow, in- 
dicating ZnO being epitaxially grown. 
[0074] Fig. 1 2 shows diagrams illustrating the meas- 
urement results of XRD Phi ($) scans of the ZnO/ZnS/ 

40 Si (111) thin film deposited according to the invention. 
The drawing shown above illustrates symmetries for six 
times, thus indicating the (1 05) peak of ZnS of the hex- 
agonal wurtzite structure being epitaxially grown in the 
same orientation as Si (404) in plan. The drawing shown 

45 below indicates that the (105) peak of ZnO of the hex- 
agonal wurtzite structure is epitaxially grown in the same 
orientation as Si (404) in plan as similar to ZnS. 
[0075] Fig. 13 shows a diagram illustrating the meas- 
urement results of the hysteresis curve in the capacitor 

so at ±5V fabricated according to the invention, indicating 
appearances of polarization against drive voltage. Ac- 
cordingly, it was revealed that the SrTi0 3 layer shows a 
dielectric constant as high as about 300. 
[0076] It is effective to use the zinc sulfide layer de- 

55 posited on the silicon single crystal substrate by epitax- 
ial growth and the SrTiO a (it is abbreviated and called 
STO) layer deposited on the zinc sulfide layer by epitax- 
ial growth (they are combined and called the STO/ZnS 
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buffer layer) as a substrate, which is an excellent 
scheme to deposit an ionic crystal thin film with high film 
quality, tt is possible to epitaxlally grow ionic crystals on 
the STO/ZnS buffer layer proposed in the invention with 
excellent crystallinrty, which is a scheme to provide a 
thin film device enhanced in characteristics. The inven- 
tion is effective in the case where an ionic crystal thin 
film has a lattice constant closer to that of STO than zinc 
sulfide or the case where it is an oxide. Furthermore, in 
the case where it has cubic crystal symmetry, it be- 
comes a particularly effective scheme by using the top 
of the Si (1 00) substrate. 

[Embodiment 3] 

[0077] Fig. 1 4 shows a diagram illustrating a configu- 
ration of a thin fi Im capacitor device fabricated according 
to the invention. In the drawing, 21 denotes an n-type 
Si (1 00) substrate, 22 denotes an Al doped ZB-ZnS lay- 
er (40 nm) deposited on the n-type Si (100) substrate 
21 , 23 denotes a SrTi0 3 layer (450 nm) deposited on 
the Al doped ZB-ZnS layer 22, and 24 denotes an upper 
electrode (200 nm) formed on the SrTiO a layer 23. 
[0078] More specifically, the n-type Si (100) single 
crystal substrate 21 was used to deposit the zinc blend 
structural ZnS layer 22 of 30 nm in thickness, the SrT10 3 
dielectric layer 23 was deposited thereon, and subse- 
quently the Pt upper electrode 24 was formed. A lower 
electrode is to be the Si substrate 21 . 
[0079] The thin film capacitor device having such the 
structure is fabricated as follows. First, the n-type Si 
(100) single crystal substrate with low resistance was 
removed of a natural oxide film with Hydrogen Fluoride, 
cleaned with water, and then placed in a deposition 
chamber for vacuuming for about ten minutes. ZnS 
doped with one percent of Al was deposited about 40 
nm in thickness at a substrate temperature of 700°C by 
pulsed laser deposition. Then, SrTi0 3 was deposited 
about 400 nm in thickness by pulsed laser deposition. 
At the initial stage of SrT10 3 deposition, oxygen was not 
introduced, and deposition was conducted in vacuum. 
After SrTiOg was deposited a few nm in thickness, 5 x 
10" 4 Torrs of oxygen was introduced. Lastly, the upper 
electrode of Pt having an area of 0.5 mm in diameter 
was formed about 200 nm in thickness by sputtering. 
ZnS was doped with Al to have conductivity, and thus a 
capacitor having the Si substrate itself formed into the 
lower electrode was formed. 

[0080] Fig. 15 shows diagrams illustrating the meas- 
urement results of XRD Phi ((J>) scans of the STO/ZnS 
buffer layer deposited according to the invention. The 
drawing shown above shows symmetries for four times. 
Thus, it indicates that ZnS of the cubic zinc blend struc- 
ture is epitaxially grown in the same orientation as Si in- 
plane, and the cubic STO is epitaxially grown thereon 
as rotating at a degree of 45. 

[0081] Figs. 1 6A and 1 6B show diagrams illustrating 
cross sectional images of the STO/ZnS/Si thin film by 



transmission electron microscopy. Fig. 16A shows the 
ZnS/Si interface. Fig. 16B shows the STO/ZnS inter- 
face. Both of them are excellent interfaces. 
[0082] Fig. 17 shows a diagram illustrating an image 

5 of the surface appearance of the STO/ZnS/Si (111) thin 
film by atomic force microscopy; the thin film was de- 
posited according to the invention. A very flat film having 
the RMS of 1.8 nm is obtained. Accordingly, the STO/ 
ZnS thin film is also excellent as the buffer layer struc- 

10 ture as well as excellent in the structure for the capacitor 
device. 

[0083] There is the case where the ionic crystal thin 
film is hardly epitaxially grown, because it tends to gen- 
erate reactants with the zinc sulfide layer and generates 

is reactants in the interface between the zinc sulfide layer 
and the ionic crystal layer in the stage of thin film growth. 
In this case, using the zinc sulfide layer deposited on 
the silicon single crystal substrate by epitaxial growth 
and a platinum group layer deposited thereon by epitax- 

20 jal growth (they are combined and called a platinum 
group/ZnS buffer layer) as a substrate is effective to 
grow ionic crystals, which is an excellent scheme to ob- 
tain an ionic crystal thin film with high film quality, ft is 
possible to epitaxially grow ionic crystals with excellent 

25 crystallinity on the platinum group/ZnS buffer layer pro- 
posed in the invention, which is an excellent scheme to 
provide a thin film device enhanced in characteristics. 
[0084] The invention is effective in the case where an 
ionic crystal thin film has a lattice constant closer to that 

30 of platinum groups than that of zinc sulfide. Additionally, 
ft is an excellent scheme in which the Si (1 00) substrate 
is used to form ZB-ZnS and a platinum group of the (1 00) 
orientation can be formed in the case of cubic crystal 
symmetry, and the Si (111) substrate is used to form 

35 W-ZnS and a platinum group of the (1 1 1 ) orientation can 
be formed in the case of hexagonal crystal symmetry, 
epitaxially growing ionic crystal thin films subsequently. 
[0085] Specifically, the platinum groups to be depos- 
ited on the ZnS buffer layer deposited on the Si sub- 

to strate are preferably rhodium, iridium, palladium, and 
platinum. These metals are noble metals belonging to 
the platinum groups, and all of them are considered to 
hardly be su If u rated to form a stable interface. Further- 
more, these metals have a face centered cubic lattice 

45 structure, having a lattice constant of 0.38031 nm, 
0.3839 nm, 0.3890 nm, and 0.3923 nm, respectively. 
The lattice constants of these are vary close to the 
square roots of one half of Si and ZnS (0.3840 nm and 
0.3825 nm, respectively); matching of the lattice con- 

50 stants of the platinum groups with Si and ZnS is signif- 
icantly excellent.. 

[0086] Accordingly, the layers of the platinum groups 
can be epitaxially grown on the ZnS buffer layer depos- 
ited on the Si substrate. When an ionic crystal thin film 
55 is deposited directly thereon, the interface of the under 
layer becomes stable. Moreover, atypical perovskite ox- 
ide has a lattice constant of about 0.39 nm. The lattice 
constants of the platinum groups show excellent match- 



8 



15 



EP 1271 626 A2 



16 



ing thereto, and thus an epitaxial oxide thin film can be 
fabricated. 

[Embodiment 4] 

[0087] Fig. 1 8 shows a diagram illustrating a configu- 
ration of a BSTO/Pt/ZnS capacitor device fabricated ac- 
cording to the invention. In the drawing, 31 denotes an 
n-type Si (100) substrate, 32 denotes an Al doped 
ZB-ZnS layer (200 nm) deposited on the n-type Si (100) 
substrate 31 , 33 denotes a Pt layer (20 nm) deposited 
on the Al doped ZB-ZnS layer 32, 34 denotes a (Ba, Sr) 
TIO3 layer (300 nm) deposited on the Pt layer 33, and 
35 denotes an upper electrode (200 nm) formed on the 
(Ba, Sr)Ti0 3 layer 34. More specifically, the n-type Si 
(1 00) single crystal substrate 31 was used to deposit the 
zinc blend structural ZnS layer 32 of 200 nm in thick- 
ness, the Pt layer 33 was deposited 20 nm in thickness 
thereon, the (Ba, Sr)7]0 3 dielectric layer 34 was depos- 
ited, and subsequently the Pt upper electrode 35 was 
formed. A lower electrode is to be the Si substrate 31 . 
[0088] The thin film capacitor device having such the 
structure is fabricated as follows. First, the n-type Si 
(100) single crystal substrate was removed of a natural 
oxide film with Hydrogen Fluoride, cleaned with water, 
and then placed in a deposition chamber for vacuuming 
for about ten minutes. ZnS doped with one percent of 
Al was deposited about 200 nm in thickness at a sub- 
strate temperature of 750° C by pulsed laser deposition. 
Then, Pt was deposited 10 nm in thickness at a sub- 
strate temperature of 400°C by sputtering, and a sub- 
strate temperature is raised to 500°C for further depo- 
sition 10 nm in thickness. Subsequently, (Ba, Sr)7]0 3 
was deposited 300 nm in thickness by sputtering. Lastly, 
the upper electrode of Pt having an area of 0.5 mm in 
diameter was formed about 200 nm in thickness by sput- 
tering. ZnS was doped with Al to have conductivity, and 
thus a capacitor having the Si substrate itself formed into 
the lower electrode was formed. 
[0089] Fig. 1 9 shows a diagram illustrating the meas- 
urement results of XRD Phi (<|>) scans of the Pt/ZnS buff- 
er layer deposited according to the invention. Fig. 19 
shows symmetries for four times. Thus, it indicates that 
cubic Pt is epitaxially grown on ZnS of the cubic zinc 
blend structure. 

[0090] Fig. 20 shows a diagram illustrating the XRD- 
in-plane measurement results of the BSTO/Pt/ZnS/Si 
thin film, deposited according to the invention, it shows 
the peaks of ZnS (200), BSTO (200), and Pt (200) from 
smaller 26. The half value width of BSTO and Pt is about 
2 deg., relatively wide, because the deposition condi- 
tions are not optimized. These measurement results 
confirmed that all the BSTO/Pt/ZnS/Si thin film is epitax- 
ially grown, and a capacitor was fabricated. 
[0091] Additionally, as the other thin film devices, a 
(La, SOMnCySrTlCVlLa, Sr)Mn0 3 structure, described 
in Appl. Phys. Lett. 69, 3266 (1996) (J. Z. Sun, W. J. 
Gallagher, P. R. Duncombe, L. Krusin-Elbaum, R. A. Alt- 



man, A. Gupta, Yu Lu, G. Q. Gong, and Gang Xiao), can 
be used to fabricate a magnetometric sensor, for exam- 
ple. A ZnS buffer layer or buffer layer of ZnO/ZnS, STO/ 
ZnS, and Pt/ZnS structures is epitaxially grown on a Si 
5 substrate, and (La, Sr)Mn0 3 , SrT10 3 , (La, Sr)Mn0 3 are 
sequentially deposited thereon to fabricate the magne- 
tometric sensor. 

[0092] Furthermore, (Pb, La)(Zr, T1)0 3 , an oxide ma- 
terial having electro-optic effects, described in National 

10 Technical Report, Vol. 33, N0.6, p. 687 (1987), can be 
used to fabricate an optical switching thin film device. A 
ZnS buffer layer or buffer layer of ZnO/ZnS, STO/ZnS, 
and Pt/ZnS structures is epitaxially grown on a Si sub- 
strate, and Ta20 5 and (Pb, La) (Zr, Ti)O a are sequential- 

15 fy deposited thereon to fabricate the optical switching 
thin film device. 

[0093] The present invention has been described in 
detail with respect to preferred embodiments, and it will 
now be apparent from the foregoing to those skilled in 
20 the art that changes and modifications may be made 
without departing from the invention in its broader as- 
pects, and it is the intention, therefore, in the appended 
claims to cover all such changes and modifications as 
fall within the true spirit of the invention. 

25 

Claims 

1 . A thin film device characterized by comprising: 

30 

a buffer layer comprised of a zinc sulfide layer 
deposited on a silicon single crystal substrate 
by epitaxial growth; and 
a compound thin film having ionic bonds depos- 
es ited on the zinc sulfide layer by epitaxial growth. 

2. A thin film device characterized by comprising: 

a buffer layer comprised of a zinc sulfide layer 
40 deposited on a silicon single crystal substrate 

by epitaxial growth; and 
two kinds or more of compound thin films hav- 
ing ionic bonds deposited on the zinc sulfide 
layer. 

45 

3. A thin film device characterized by comprising: 

a buffer layer comprised of a zinc sulfide layer 
and a zinc oxide layer deposited on a silicon 
so si ngle crystal substrate by epitaxial growth ; and 

a compound thin film having ionic bonds depos- 
ited on the buffer layer by epitaxial growth. 

4. The thin film device according to claim 3, charac- 
55 terized in that the compound thin film is a thin film 

formed by laminating two kinds or more of com- 
pound thin films having ionic bonds. 
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5. A thin film device characterized by comprising: 

a buffer layer comprised of a zinc sulfide layer 
and a strontium titanate layer deposited on a 
silicon single crystal substrate by epitaxial 
growth; and 

a compound thin film having ionic bonds depos- 
ited on the buffer layer by epitaxial growth. 

6. The thin film device according to daim 5, 
characterized In that the compound thin film is a 
thin film formed by laminating two kinds or more of 
compound thin films having ionic bonds. 

7. A thin film device characterized by comprising: 

a buffer layer comprised of a zinc sulfide layer 
and a platinum group layer sequentially depos- 
ited on a silicon single crystal substrate by epi- 
taxial growth; and 

a compound thin film having ionic bonds depos- 
ited on the buffer layer by epitaxial growth. 

8. A thin film device characterized by comprising: 

a buffer layer comprised of a zinc sulfide layer, 
a zinc oxide layer, and a platinum group layer 
sequentially deposited on a silicon single crys- 
tal substrate by epitaxial growth; and 
a compound thin film having ionic bonds depos- 
ited on the buffer layer by epitaxial growth. 

9. The thin film device according to claims 7 or 8, char- 
acterized In that a metal of platinum groups is any 
one of rhodium, iridium, palladium, and platinum, or 
an alloy of these, depositing a single layer film 
thereof or a plurality of layers of thin films. 

10. The thin film device according to claims 7, 8 or 9, 
characterized in that the compound thin film is a 
thin film formed by laminating two kinds or more of 
compound thin films having ionic bonds. 

11. The thin film device according to any one of claims 
1 through 10, characterized in that a metal nitride 
thin film is used as the compound thin film. 



feeding zinc sulfide in a molecular state onto a 
silicon single crystal substrate to epitaxial ly 
grow zinc sulfide on the substrate under a re- 
duced pressure; and 
5 epitaxially growing a compound thin film having 

ionic bonds thereon. 

15. A method for fabricating a thin film device charac- 
terized by comprising: 

10 

feeding zinc sulfide in a molecular state onto a 
silicon single crystal substrate to epitaxially 
grow zinc sulfide on the substrate under a re- 
duced pressure; and 

epitaxially growing sequentially two kinds or 
more of compound thin films having ionic bonds 
thereon. 

16. A method for fabricating a thin film device charac- 
terized by comprising: 

epitaxially growing zinc sulfide on a silicon sin- 
gle crystal substrate; 

epitaxially growing zinc oxide thereon; and 
further epitaxially growing a compound thin film 
having ionic bonds thereon. 

17. A method for fabricating a thin film device charac- 
terized by comprising: 

epitaxially growing zinc sulfide on a silicon sin- 
gle crystal substrate; 

epitaxially growing strontium titanate thereon; 
and 

further epitaxially growing a compound thin film 
having ionic bonds thereon. 

18. A method for fabricating a thin film device charac- 
terized by comprising: 

epitaxially growing zinc sulfide on a silicon sin- 
gle crystal substrate; 

epitaxially growing a platinum group thereon; 
and 

further epitaxially growing a compound thin film 
having ionic bonds thereon. 
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12. The thin film device according to any one of claims 
1 through 11 , characterized in that a metal oxide 
thin film is used as the compound thin film. 

13. The thin film device according to any one of claims 
1 through 1 1 , characterized in that a metal sulfide 
thin film is used as the compound thin film. 

14. A method for fabricating a thin film device charac- 
terized by comprising: 



19. The method for fabricating the thin film device ac- 
cording to claims 16, 17 or 18, characterized in 
so that zinc sulfide in a molecular state is fed onto the 
silicon single crystal substrate under a reduced 
pressure, whereby zinc sulfide is epitaxially grown 
on the substrate. 

55 20. The method for fabricating the thin film device ac- 
cording to any one of claims 14 through 19; char- 
acterized in that a metal nitride thin film is used as 
the compound thin film. 
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21 . The method for fabricating the thin film device ac- 
cording to any one of claims 14 through 19, char- 
acterized in that a metal oxide thin film is used as 
the compound thin film. 

22. The method for fabricating the thin film device ac- 
cording to any one of claims 14 through 19, char- 
acterized in that a metal sulfide thin film is used as 
the compound thin film. 



w 



23. A method as claimed in any one of claims 14 to 22 
wherein the single crystal silicon substrate is sub- 
jected to preliminary steps of treatment with hydro- 
gen fluoride, cleaning with water and placement in 

a deposition chamber under reduced pressure. 15 

24. A method as claimed in claim 23 further comprising 
removing the device from said deposition chamber 
and completing manufacture of the device to pro- 
duce said device as one of a high intensity light 20 
emitting device utilizing an ionic crystal thin film as 

a functional film (semiconductor laser), a metal in- 
sulator semiconductor field effect transistor (MIS- 
FET), a high-electron-mobility transistor (HEMT), or 
a th in film capacitor. 25 

25. A method as claimed in claim 24 wherein the step 
of completing manufacture of the device includes 
steps of dicing the substrate, bonding and packag- 
ing. 30 
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